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Abstract 

The first determination of tiie perilielion advance of Mercury's or- 
bit was obtained by Leverrier from tiie analysis of the transit contacts 
of the planet on the solar disk. He obtained for the advance the value 
5n' — 38" .3 /century, considering that the value Se' , namely the correc- 
tion of the variation of the planet's orbit eccentricity, is negligible. In 
this paper Stt' and 6e' are calculated by the least squares method, on 
the basis of the meridian observations used by Leverrier. Thus, we ob- 
tain for advance the value Stt' = 42" .8 /century, which is close to the one 
given in the theory of general relativity. The same, we obtained the value 
Se' = — 0" .044/year, which is lower in absolute value than Leverrier's 
estimation Se' — — 0" .0806/year. 

Key words and phrases: Celestial mechanics, perihelion of Mercury, 
meridian observations. 
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1 Introduction 

The first determination of Mercury's advance was obtained by Leverrier and it 
was published in 1859 in Annales de I' Observatoire de Paris [5]. To this end he 
used the observations of the planet's transits over the solar disk of the period 
1661-1848. Mercury's transits over the solar disk take place in November, in the 
vicinity of the ascending node of the planet's orbit, and in May, in the vicinity 
of the descending node. 

In the vicinity of the nodes the true heliocentric longitude v is practically 
reduced to the sum of the mean longitude and of the center's equation, and has 
the following form: v = f{l, tt, e) = /(e -I- nt, tt, e), where the mean longitude is 
I — e + nt, £ being the mean longitude at the epoch and n the mean motion [2]. 
Hence the correction of v is of the form 

5, = |t(<Se + tSn) + ^{Sn + tS^) + f^{Se + tS^). 
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For the 8 transits in November Leverrier obtained small corrections of the 
longitude v of Mercury, while for the 5 transits of May he obtained much more 
important corrections, which actually increase in time [2], [5]. Thus, he made 
a first determination of the advance by considering a linear time dependence 
for Sv, namely: for the November transits 6v = a + tb and for May transits 
6v = a' + tb'. He obtained the relation: Sir' + 2.72 Se' = 0".392, where e' = ^ 
and = After a more precise calculation he obtained: 

Sn' + 2.72 Se' = 0" .383/year. (1) 

Leverrier considered the value of 38^\3 / century as perihelion advance, ne- 
glecting 6e' [5] . He motivates this by resorting to the 397 meridian observations 
on Mercury made at Paris Observatory in the periods 1801-1828 and 1836 - 
1842. By processing of these approx. 400 meridian observations, he obtained 
195 equations of condition. Analyzing a part of the 195 equations of condi- 
tion corresponding to the planet's apparent geocentric longitude, he obtained 
6e' — — 0".0806 and on the basis of relation (1), reached the conclusion that 
Sn' = 60" /century. 

Forward, the Leverrier's result Sw' = 38" .3 / century was also confirmed and 
specified by Newcomb, who obtained Sn' = 41" .24 / century [6] by using in 
his determinations both the planet's transit over the solar disk and meridian 
observations. The problem was also studied by Clemence, whose analysis led to 
an advance of Sn' — 43" .03 / century [3], [4]. 

Coming back to the Leverrier's work described above, namely to this de- 
viation of 60" /century as against the value of 38" .3 /century, we have tried 
to determine the value of Se' more precisely, by solving the system of the 195 
equations of condition obtained by Leverrier using the least squares method. 

2 The processing of the meridian observations 

Besides the unknowns Ss, Sn, Seo,Sno in the equations of condition obtained by 
Leverrier, namely the corrections of the mean longitude at epoch, mean motion, 
eccentricity and the longitude of perihelion at epoch, we shall introduce the 
unknowns Se' and Sn'; thus 

Se = Scq + tSe' , 
Sn = Sno + t Sn' , 

where e' and n' are the annual variations given by Lagrange's equations. 

From the 195 equations of condition we eliminated those for which the diffe- 
rence between the observed apparent geocentric longitude and the calculated one 
is O — C > 6" . On the whole, we used 187 equations of condition, which have 
been improved by calculating the coefficients corresponding to the unknowns 
introduced by us. 
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The system of the 187 equations of condition is: 



U.14Z0£ - 


fi CiX^ n Q /I 'ix^ 
- D.yoTi — u.o4ooeo - 


n nr^QX^ 1 

- U.UOOOTTo + 


1 C< 

ID 


7/1/1 X^/ 


1 


.Oo / 07T 




1 n 


A 
.U 


1 
i 


U.z4D0£ — 


1 1 OA-Ki _i_ n 'iAQX^ 
Ll.vOTl -j- U.o4oOeo - 


- U.U / oOTTq — 


iO. 


.oyioe 


+ o. 


.o4o07r 




ii 
H-i. 


7 
. i 


q 



nil 


- o.( on -\- u.a4ooeo - 


- u.U4yo7ro — 


io, 


.Do/oe 


1 o 

+ ^, 


.6( ( OTT 






.Z 


c 



U.Ui40£ - 


- u. / 071 -h u.ooooeo ~ 


- U.UODOTTo — 




.11406 




. 1 iOOTT 






— z, 




1 
i 


— u.i4yo£: - 


i- ^ .zOn + U. 04/060 - 


~ U.UzoOtto — 


ZD, 


/I c^n^^' 


+ i. 


.ZO ( Ott 






.0 





u.uozoe - 


- A.OSn + 0.3305eo - 


- 0.048(57ro - 


1 K 

io. 


.yoooe 


^ 


.oZLuTT 




— U 


.0 





u.ioooe - 


- 8.9Sn + 0.331(5eo - 


- 0.063(57ro - 


iO. 


.yy ( oc 


+ o. 


.ZooOTT 




1 

— i 


n 
.U 


z 




12.5(5n + 0.431(5eo - 


- 0.062(57ro - 


on 
zu. 


.o/ooe 


+ ^, 


.yyooTT 




— i, 


A 

.u 




z 


\J.lZ\J06 - 


- 5.7Sn + 0.2425eo - 


- 0.07157ro - 


1 1 

ii, 


.ou / oe 


+ o. 


.O / OOTT 




-hU 


q 


q 


O.OTOfe - 


- 3.35n + 0.229<5eo - 


- 0.07257ro - 




.oo / oe 


1 q 
+ o. 


.4zo07r 




_i_l 


.u 


z 


-O.OlSfc- 


{- 0.6Sn + 0.2265eo - 


- 0.085(57ro - 


iU, 


7/11 


1 /I 
+ 4, 


.U4U07r 




1 

— i 



.z 


/I 
4 


-0.167fc- 


F 7.9Sn + 0.295(5eo - 


- 0.121(57ro - 


1 /I 
14, 


ni /I 

.Ui406 




7/1 Q/^TT-' 




_i_i 


A 

.u 




z 


-0.220fc - 


F 10.4(5n + 0.0475eo 


+ 0.11W7ro - 




— z, 


.ZZo06 


— 0, 


0(^1 Xtt' 




_i_n 


q 


/I 
4 


0.205fe - 


- 9.7Sn + 0.2535eo - 


- 0.079(57ro - 


1 1 


.yoooe 


+ o. 


. / 4zf)7r 




— u 


7 


A 

4 


0.282fe - 


13.4^n + 0.3675eo - 


- 0.08357ro - 




.oouoe 


+ o. 


.yoUOTT 




1 

— i, 


.u 


4 


0.223fe - 


10.56n + 0.424<5eo + 0.05757ro - 


on 

zu, 


.U4ooe 


o 

— z. 


.oyooTT 




_i_n 



.z 


4 


0.194fc- 


- 9.25n + 0.314(5eo ^ 


- 0.07557ro - 


14, 


Q/1 1 

.o4ioe 


Q 

— o. 


.O4O07r 






7 


q 



0.165fc- 


- 7.8dn + 0.212(5eo ^ 


- 0.083(57ro - 


10, 


.Uiooe 


Q 

— o. 


noi X'TT^ 






A 

.u 


q 



0.037& 


- 1.75n + 0.081(5eo 


+ 0.079(57ro - 


-3, 


.ozooe 


Q 

— O, 


700X^1-' 
. / ZyOTT 




1 

— i, 


.0 


Z 


-0.067fe + 3.25n + 0.143^eo 


+ 0.08257ro - 


-6, 


. / 4806 


Q 

— O, 


.BOyOTT 




A 

— 4, 


n 


1 
i 


0.267fe - 


- 12.4^n + 0.208<5eo 


- 0.0985770 - 


-9, 


.ooooe 


+ 4, 


KA QXtt^ 
.04o07r 




_i_1 


c 
.0 


z 


0.204fe - 


- 9.5dn + 0.418(5eo + O.OSI^tto - 


19, 


.ooyoe 


— z. 


.aOZOTT 




1 Q 

-ho, 


.U 


1 
i 


0.258& - 


- n.7Sn + 0m7Seo 


- 0.103(57ro - 


- 2, 


.oy ioe 


-1- /I 
+ 4, 


.DoZOtT 




-Li 

-f-i, 


A 

.U 


q 



0.170fe- 


- 7.7dn + O.mSeo ^ 


- 0.043(57ro - 


18, 


.45006 


-1 

— 1, 


.950077 




+1 


.0 


1 


0.064fc - 


-2.9(5r^ + 0.3145eo^ 


- 0.053(57ro - 


14, 


.2285e' 


- 2, 


.401577' 




-1 


.0 


2 


-O.OlQfe + 0.9Sn + 0.3315eo + 0.0526tto - 


14, 


.9935e' 


-2, 


.355577' 




+1, 


.5 


2 


0.296fe - 


-13.2^n-0.2115eo 


-0.1055770 + 9, 


.4365e' 


+ 4, 


.697577' 




+1, 


.0 


4 


0.221fe - 


- 9.8^n + 0.4855eo - 


- O-OOS^TTQ - 


21, 


.5395e' 


+ 0, 


.222577' 




+3, 


.0 


2 


0.155fc- 


~ 6.9Sn + 0.4325eo ^ 


- OmOSira - 


19, 


.1765e' 


-0, 


.888577' 




+4, 


.0 


1 


-0.003fc- 


|-O.l(5r^ + O.400(5eo^ 


- 0.027(57ro - 


17, 


.7395e' 


- 1, 


.197577' 




-2, 


.5 


2 


0.169fc- 


- 7.5(5n + 0.4545eo - 


- 0.007(57ro - 


20, 


.0745e' 


+ 0, 


.309577' 




+2, 


.0 


1 


0.228fe - 


lO.ldn + 0.5085eo + 0.021Stto - 


22, 


.4505e' 


-0, 


.928577' 




-2 


.0 


2 


0.034fe - 


- 1.5Sn - 0.3195eo - 


- 0.09757ro + 13, 


.9485e' 


+ 4, 


.241577' 




+1, 


.5 


2 


0.305fe - 


- 13.3^n - 0.1395eo 


-0.1125770+6, 


.0525e' 


+ 4, 


.876577' 




-2 


.0 


1 



3 



0.217fc- 


- 9.4(5n + 0.4565eo - 


omssno - 


- 19, 


.803(5e' 


+ 1, 


.21657r' 




+2. 


.0 


1 


0.087fe - 


- 3.86n + 0.3905eo - 


0.022(57ro - 


- 16, 


.8785e' 


+ 0, 


.95257r' 




+2, 


.0 


1 


0.199fc 


- 8.6Sn + 0.043(5eo + O.IOO^tto 


- 1, 


.8555e' 


-4, 


.31457r' 




+4, 


.0 


2 


-0.044fe + 1.9Sn - 0.4275eo - 


0.03957ro + 18, 


.2645e' 


+ 1, 


.66857r' 




+0, 


.0 


2 


0.184fc- 


- 7.85n ~ 0.3245eo - 


OMOStto + 13, 


.8045e' 


+ 2, 


.55657r' 




+1, 


.2 


5 


0.293& - 


12.55n + 0.365(5eo - 


0.08457ro - 


- 15, 


.520(5e' 


+ 3, 


.572(57r' 


— 


-2, 


.0 


1 


0.240fc - 


10.2(5n + 0.399^0 - 


OMOStto - 


- 16, 


.9595e' 


+ 2, 


.550577' 


— 


+0, 


.0 


2 


O.llSfe- 


- 5.0Sn + 0.3875eo - 


0.03557ro - 


-16, 


.4275e' 


+ 1, 


.48657r' 


= 


+1, 


.8 


5 


0.005fe - 


- 0.2Sn + 0.402<5eo - 


0.03857ro - 


- 17, 


.0655e' 


+ 1, 


.61357r' 




+2, 


.7 


3 


-0.088fe + 3.7Sn - 0.4825eo - 


O.OlO^TTo + 20, 


.1555e' 


+ 0, 


.17557r' 




+3, 


.0 


4 


0.158fc- 


- 6.65n - 0.4025eo - 


OmeSiro + 16, 


.7486e' 


+ 1, 


.50057r' 


— 


+3, 


.5 


2 


0.286fc - 


n.9dn - 0.397(5eo - 


0.077(57ro 4 


- 16, 


.5255e' 


+ 3, 


.20557r' 


— 


+0, 


.7 


4 


-0.209fe ^ 


-8.7(5n + 0.443^eo - 


0.110(57ro - 


- 18, 


.373(5e' 


+ 4, 


.56257r' 


— 


+2, 


.0 


2 


0.225fe - 


- 9.3^n + 0.4095eo + 0.06557ro - 


- 16, 


.8985e' 


-2, 


.68557r' 




+1, 


.0 


1 


0.188fe 


- 7.86n + 0.226(5eo + 0.086(57ro 


-9, 


.3195e' 


-3 


.54657r' 




+2, 


.0 


1 


0.257(5e - 


- 10.4fe + 0.1865eo- 


- 0.09657ro 


-7, 


.5515e' 


+ 3, 


.89757r' 




+0, 


.0 


1 


0.159fc 


- 6ASn + 0.201^eo - 


- OmdSno 


- 8, 


.1565e' 


+ 3, 


.20657r' 


— 


+0, 


.0 


1 


0.259fc - 


- 10.3Sn + 0.059(5eo - 


- 0.104(57ro 


- 2, 


.339(5e' 


+ 4, 


.12357r' 


— 


+1, 


.0 


1 


o.osefc 


- 3A6n + 0.0455eo - 


- 0.086J7ro 


- 1, 


.7835e' 


+ 3, 


.40757r' 


— 


+0, 


.0 


1 


0.244fe - 


- 9.6Sn + 0.5095eo + 


O.OIS^TTO - 


-20, 


.0305e' 


-0, 


.59057r' 


— 


+2, 


.7 


3 


O.lOOfe - 


- 3.9^n - 0.4075eo + 


0.023^770 + 15, 


.8605e' 


-0, 


.89657r' 




+1, 


.5 


2 


0.240fe - 


-9.3(5n- 0.511^0 + 


o.oiWtto ^ 


- 19, 


.8115e' 


-0, 


.426577' 


— 


+4, 


.0 


2 


0.254fc - 


- 9.8Sn - 0.524(5eo + 


O.OOWtto + 20, 


.3115e' 


-0, 


.03 957r' 


— 


+0, 


.0 


2 


0.002fc - 


-O.l(5n + O.360(5eo + 


0.043(57ro - 


- 13, 


.795(5e' 


- 1, 


.64 857r' 


— 


+0, 


.2 


4 


-0.078fc^ 


-3.0(5n + 0.411(5eo + 


OMUtto - 


- 15, 


.7Ude' 


- 1, 


.57 1 57r' 


— 


+1, 


.3 


3 


0.231fe - 


- 8.6Sn + 0.4855eo - 


0.02057ro - 


- 18, 


.1555e' 


+ 0. 


.74957r' 


— 


-h3. 


.0 


1 


0.176fe - 


- 6.6Sn + 0.4525eo + 


0.002^7ro - 


- 16, 


m26e' 


-0, 


.07557r' 




-1 


.0 


1 


-0.125fc^ 


- 4.7(5n + 0.5175eo + 


O.OmTTo - 


- 19, 


MUe' 


-0, 


.26157r' 




-4, 


.5 


2 


0.251fc- 


-9.Wn + 0.436(5eo- 


0.053(57ro - 


- 15, 


.9015e' 


+ 1, 


.93 357r' 




+1, 


.0 


1 


-o.oolfc^ 


- OMn + 0.4275eo - 


0.019(57ro - 


- 15, 


.bbOSe 


+ 0, 


.69 257r' 




+0, 


.3 


3 


-0.073(5e^ 


- 2.7Sn + 0.4715eo - 


0.02257ro - 


- 17, 


.149(5e' 


+ 0, 


.80 1 57r' 




+1, 


.0 


1 


0.193fe- 


- 7.0Sn + 0.420(5eo - 


0.04157ro - 


- 15, 


.2375e' 


+ 1, 


.48757r' 




+4, 


.0 


1 


0.188fc 


-6.1(5n + 0.031(5eo- 


- 0.0915770 


- 1, 


m25e' 


+ 2, 


.971 57r' 




+0, 


.0 


1 


-0.126fc4 


- 4:.05n + 0.490(5eo + 


OmSSiTa - 


- 15, 


M86e' 


-0, 


.8 7 757r' 




+6, 


.0 


1 


0.093(5£ 


- 2.9Sn - 0.2275eo - 


- 0.0715770 


+ 6, 


.9766e' 


+ 2, 


.182577' 




+2, 


.3 


3 



4 



0.140fc 


- 4.2671 - 0.292(5eo 


- 0.064(57ro 


+ 8, 


.6965e' 


+ 1, 


.906577' 




+3, 


.0 


1 


o.ieofc 


- 4.75n - 0.306^eo 


- 0.0635770 


+ 9, 


.0605e' 


+ 1, 


.865577' 




+2, 


.0 


1 


0.267fe - 


- 7.9Sn + 0.401<5eo - 


- 0.06957ro - 


- 11, 


.8325e' 


+ 2, 


.036577' 




-2 


.0 


2 


0.112fe- 


- S.SSn + 0.3965eo - 


- 0.03057ro - 


- 11, 


.6715e' 


+ 0, 


.884577' 




+0, 


.5 


2 


0.064fe 


- 1.8(5x7. + 0.323(5eo 


- 0.04957ro 


-9, 


.1595e' 


+ 1, 


.389577' 




+4, 


.0 


3 


0.058fe 


- 1.6(5n + 0.238(5eo 


+ 0.067(57ro 


-6, 


.6775e' 


- 1, 


.880577' 


— 


-2, 


.0 


1 


0.142fe- 


■ 4.0(5n - 0.4125eo - 


- 0.028(57ro + 11. 


.4845e' 


+ 0, 


.780577' 


— 


-1 


.0 


1 


-0.092fe + 2.6dn - 0.4685eo + O.OH^tto + 13, 


.0365e' 


-0, 


.306577' 


= 


+0, 


.0 


1 


0.215fc 


- 5Mn + 0.223(5eo 


- 0.0845770 


-6, 


.1515e' 


+ 2, 


.317577' 




+0, 


.0 


1 


0.123& 


- 3A5n + 0.2095eo 


- 0.0755770 


-5, 


.7615e' 


+ 2. 


.067577' 




-2 


.3 


3 


-0.014fc 


+ 0.45n + 0.183(5eo 


- 0.0905770 


- 5, 


.0415e' 


+ 2, 


.479577' 


— 


-1 


.0 


2 


0.232fc - 


- 6.2Sn - 0.496(5eo - 


- 0.0105770 4 


^ 13, 


.2555e' 


+ 0, 


.267577' 


— 


+0, 


.5 


2 


0.019& 


- 0.55n + O.OSWeo 


- 0.0925770 


-0, 


.8255e' 


+ 2, 


.447577' 


— 


-1 


.0 


2 


0.254fe - 


- Q.7Sn + 0.525deo + 0.00957ro - 


- 13, 


.8345e' 


-0, 


.237577' 


= 


+0, 


.5 


2 


0.238fe - 


- 6.3Sn + 0.5025eo + 0.023^7ro - 


- 13, 


.2265e' 


-0, 


.606577' 




-0 


.5 


2 


0.198fe - 


- 5.2(5n + 0.4185eo + 0.04857ro - 


-11, 


.0035e' 


- 1, 


.263577' 




+0, 


.7 


3 


0.166fc 


- 4ASn + 0.349^60 + OmdSno 


-9, 


.1825e' 


- 1, 


.552577' 


— 


+0, 


.3 


3 


0.194fc 


- 5.0Sn ~ O.021(5eo 


- 0.0935770 


+ 0, 


.5395e' 


+ 2, 


.387577' 


— 


-0, 


.5 


2 


0.259fc 


- 6Mn + 0.023^0 


- 0.1045770 


-0, 


.5865e' 


+ 2, 


.649577' 




+0, 


.0 


1 


0.326fe 


- 8.36n + 0.188(5eo 


- 0.1135770 


-4, 


.7855e' 


+ 2, 


.876577' 




-1 


.0 


2 


0.258fe - 


-6.6^n + 0.5195eo- 


- 0.0135770 - 


- 13, 


.1745e' 


+ 0, 


.330577' 


= 


+4, 


.0 


2 


O.lSlfc 


- 3.3(5n + 0.3745eo 


+ 0.0445770 


-9, 


.4795e' 


- 1, 


.115577' 


— 


+2, 


.5 


2 


0.314fe 


- 7.8Sn - 0.324(5eo 


- 0.0985770 


+ 8, 


.0165e' 


+ 2, 


.425577' 


— 


+3, 


.7 


3 


0.277fe 


- 6.8Sn - 0.213(5eo 


- 0.0995770 


+ 5, 


.2685e' 


+ 2, 


.448577' 


— 


+2, 


.3 


3 


-0.050fc-F 


-1.2(5n + 0.447(5eo4 


- 0.0145770 - 


- 10, 


.8865e' 


-0, 


.341577' 


— 


-2, 


.0 


2 


0.317fc 


- 7.4<5n + 0.383(5eo 


- 0.0895770 


-8, 


.9995e' 


+ 2, 


.091577' 


— 


+2, 


.7 


3 


0.177fe - 


-4.1^n + 0.4345eo - 


- 0.0235770 - 


- 10, 


.1795e' 


+ 0, 


.539577' 




+1, 


.0 


1 


0.054fe 


- 1.35n + 0.387(5eo 


- 0.0225770 


-9, 


.0125e' 


+ 0, 


.512577' 




+4, 


.0 


1 


0.187fe 


- A.3Sn + 0.422(5eo 


- 0.0385770 


-9, 


.8205e' 


+ 0, 


.884577' 




+0, 


.5 


2 


-0.086fc + 2.0Sn - OAOlSeo 


- 0.0735770 


+ 9, 


.0915e' 


+ 1, 


.655577' 




+0, 


.0 


1 


0.329fe 


- 7A6n - 0.232(5eo 


- 0.1115770 


+ 5, 


.2395e' 


+ 2, 


.507577' 




-5, 


.0 


1 


0.107fc 


- 2.4<5n + 0.367(5eo 


- 0.0425770 


-8, 


.2525e' 


+ 0, 


.944577' 




+4, 


.0 


1 


-0.058fe + 1.3Sn + 0.414<5eo 


- 0.0565770 


-9, 


.9265e' 


+ 1, 


.257577' 




-3 


.0 


1 


0.197fc 


-4.4(5n + 0.185(5eo 


+ 0.0925770 


-4, 


.1085e' 


- 2, 


.043577' 




+2, 


.0 


1 


0.048(5£ 


- l.OSn + 0.0425eo 


+ 0.0815770 


-0, 


.8905e' 


- 1, 


.717577' 




-4, 


.0 


3 



5 



0.289fc - 


4, 


.06n 


- 0.497(5eo 


-0, 


miSno 


+ 6, 


.8075e' 


+ 0, 


.698577' 




-3 


.3 


1 


0.273fc - 


3, 


.75n 


+ 0.085Jeo 


-0, 


.loeswo 


- 1, 


.1595e' 


+ 1, 


.445577' 




-0 


.2 


4 


0.183fc - 


2, 


.5Sn 


+ 0.105^eo 


-0, 


.0895770 


- 1, 


.4305e' 


+ 1, 


.212577' 




-5, 


.2 


4 


-0.005fe + 


0, 


.15n 


+ 0.2455eo 


-0, 


.078J7ro 


-3, 


.2955e' 


+ 1. 


.049577' 




-1 


.0 


1 


0.210fe- 


2, 


.8Sn 


+ 0.134(5eo 


- 0, 


.092(57ro 


- 1, 


.7995e' 


+ 1. 


.235577' 




-3 


.6 


1 


0.230fe - 


3, 


.ISn 


+ 0.485(5eo 


+ 0, 


miSno 


-6, 


.4805e' 


-0, 


.414577' 


— 


-0, 


.6 


2 


0.033fe - 


0, 


A6n 


+ 0.218(5eo 


+ 0, 


mosno 


-2, 


.8915e' 


-0, 


.928577' 


— 


+0, 


.3 


1 


0.148fe - 


1, 


Mn 


+ 0.409(5eo 


+ 0, 


.0385770 


-5, 


.3695e' 


-0, 


.499577' 


= 


+2, 


.8 


2 


o.ioefc - 


1, 


A5n 


- 0.342<5eo 


+ 0, 


.0515770 


+ 4, 


.3815e' 


-0, 


.553577' 




+1. 


.2 


1 


0.260fc - 


3, 


.2,5n 


- 0.5265eo 


-0, 


.0095770 


+ 6, 


.7055e' 


+ 0, 


.115577' 




-1 


.1 


2 


-0.141fc + 


1, 


.85n 


- 0.212^eo 


-0, 


.1195770 


+ 2, 


.6765e' 


+ 1. 


.502577' 


— 


+0, 


.9 


1 


0.040fe - 


0, 


.5Sn 


+ 0.084(5eo 


-0, 


.0865770 


- 1, 


.0495e' 


+ 1. 


.074577' 


— 


+2, 


.2 


2 


0.281& - 


3, 


.5Sn 


+ O.530(5eo 


-0, 


.0305770 


-6, 


.5715e' 


+ 0, 


.372577' 


— 


+0, 


.7 


1 


0.219fe - 


2, 


.76n 


+ 0.4855eo 


+ 0, 


.0175770 


-6, 


.0025e' 


-0, 


.210577' 


= 


+0, 


.5 


2 


0.164fe - 


2, 


Mn 


+ 0.4045eo 


+ 0, 


.0415770 


-4, 


.9895e' 


-0, 


.506577' 




+0, 


.4 


4 


O.OlSfc - 


0, 


.26n 


+ 0.3295eo 


+ 0, 


.0505770 


-4, 


.0495e' 


-0, 


.6I5577' 




+0, 


.3 


2 


-0.257fe + 


3, 


.ISn 


+ 0.583^60 


+ 0, 


.0535770 


- 7, 


.1555e' 


-0, 


.650577' 


— 


-5, 


.4 


2 


-0.425fc + 


5, 


.2Sn 


+ 0.616(5eo 


+ 0, 


.1225770 


- 7, 


.5275e' 


- 1, 


.491577' 


— 


+0, 


.6 


1 


0.211fc- 


2, 


.6Sn 


+ 0.4655eo 


+ 0, 


.0395770 


- 5, 


.6525e' 


-0, 


.474577' 


— 


-0, 


.2 


2 


0.175fe - 


2, 


.16n 


- 0.245(5eo 


+ 0, 


.0805770 


+ 2, 


.9505e' 


-0, 


.963577' 


— 


-1 


.4 


1 


0.087fe - 


1, 


Mn 


- 0.3735eo 


+ 0, 


.0385770 


+ 4, 


.4765e' 


-0, 


.456577' 




+0, 


.0 


2 


-0.076(5e + 


0, 


Mn 


- 0.269(5eo 


+ 0, 


.0715770 


+ 3, 


.2005e' 


-0, 


.845577' 


— 


+4, 


.7 


1 


0.170fe - 


2, 


Mn 


- 0.336(5eo 


+ 0, 


.0645770 


+ 3, 


.9765e' 


- 0, 


.757577' 


— 


+3, 


.6 


1 


0.288fe - 


3, 


ASn 


- 0.214(5eo 


-0, 


.1035770 


+ 2, 


.5095e' 


+ 1, 


.208577' 


— 


-1, 


.9 


1 


-0.313& + 


3, 


Mn 


- 0.034(5eo 


-0, 


.1845770 


+ 0, 


.3935e' 


+ 2, 


.131577' 


— 


-3 


.8 


1 


-0.132fe + 


1, 


Mn 


+ 0.0055eo 


-0, 


.1255770 


-0, 


.0585e' 


+ 1, 


.445577' 


— 


+3, 


.9 


1 


0.132fe - 


1, 


Mn 


+ 0.4175eo 


+ 0, 


.0205770 


-4, 


.7485e' 


-0, 


.228577' 




-0 


.3 


3 


0.104fe- 


1, 


.2Sn 


+ 0.405(5eo 


+ 0, 


.0235770 


-4, 


.6085e' 


-0, 


.262577' 




-1 


.9 


3 


0.020fe - 


0, 


.26n 


+ 0.397(5eo 


+ 0, 


.0255770 


-4, 


.5095e' 


-0, 


.284577' 




-1, 


.0 


1 


-0.112fc + 


1, 


Mn 


+ 0.492(5eo 


+ 0, 


.0185770 


- 5, 


.5795e' 


-0, 


.204577' 




-1, 


.7 


2 


-0.211fc + 


2, 


ASn 


+ 0.604(5eo 


+ 0, 


.0155770 


-6, 


.8415e' 


-0, 


.170577' 




-0, 


.6 


2 


-0.037fe + 


0, 


ASn 


+ 0.410(5eo 


+ 0, 


.0175770 


-4, 


.6095e' 


-0, 


.191577' 




-0 


.3 


2 


0.180fc - 


2, 


Mn 


+ 0.463(5eo 


-0, 


.0105770 


-5, 


.1945e' 


+ 0, 


.112577' 




-0 


.1 


2 


0.233fc - 


2, 


Mn 


+ O.510(5eo 


+ 0, 


.0205770 


- 5, 


.7105e' 


-0, 


.224577' 




-1 


.3 


2 


0.064(5£ - 


0, 


.7Sn 


- 0.2975eo 


+ 0, 


.0585770 


+ 3, 


.2805e' 


-0, 


.640577' 




-2, 


.1 


2 



-0.183fc + 


2, 


.06n 


- 0.247(5eo 


+ 0, 


.094(57ro 


+ 2, 


.7065e' 


- 1, 


.030577' 


— 




.1 


2 


0.239fc - 


2, 


.6Sn 


- OA77Seo 


+ 0, 


.044^7ro 


+ 5, 


.1715e' 


-0, 


.477577' 


= 


■ I 


.2 


1 


0.257fc - 


2, 


.85n 


- 0.522^eo 


+ 0, 


.026^7ro 


+ 5, 


.6545e' 


-0, 


.282577' 


= 


-0. 


.1 


5 


-0.077fe + 


0, 


.85n 


- 0.4555eo 


-0, 


.oeg^TTo 


+ 4, 


.8825e' 


+ 0, 


.740577' 


= 


-0. 


.6 


2 


0.040fc - 


0, 


ASn 


- 0.196(5eo 


- 0, 


.OSUtto 


+ 2, 


.0945e' 


+ 0, 


.865577' 


= 


-0, 


,2 


3 


0.182fc- 


1, 


.96n 


- 0.233(5eo 


- 0, 


.077(57ro 


+ 2, 


.4625e' 


+ 0, 


.8I4577' 


= 


+2, 


,9 


1 


0.265fe - 


2, 


.86n 


- 0.213(5eo 


- 0, 


.097(57ro 


+ 2, 


.2475e' 


+ 1. 


.023577' 


= 


-1, 


.4 


3 


0.326fe - 


3 


.5Sn 


- 0.1065eo 


-0, 




+ 1, 


.1175e' 


+ 1, 


.243577' 


= 


-4. 


.8 


2 


0.216fc - 


2, 


.35n 


+ 0.451(5eo 


-0, 


.0315770 


-4, 


.7165e' 


+ 0, 


.324577' 


= 


-1. 


.8 


2 


0.045& - 


0, 


.5Sn 


+ 0.4175eo 


-0, 


.0065770 


-4, 


.3435e' 


+ 0, 


.062577' 


= 


-1. 


.5 


1 


-0.077fc + 


0, 


.2Sn 


+ 0.4435eo 


-0, 


.OIO^TTO 


-4, 


.6085e' 


+ 0, 


.104577' 


= 


-2, 


.2 


2 


-0.147fc + 


1, 


.56n 


+ 0.550(5eo 


- 0, 


.022(57ro 


- 5, 


.7115e' 


+ 0, 


.228577' 


= 


-4, 


,7 


1 


-0.092fc + 


0, 


Mn 


+ 0.467(5eo 


+ 0, 


.0085770 


-4, 


.8015e' 


-0, 


.082577' 


= 


-0. 


.6 


1 


-0.201fe + 


2, 


.06n 


- 0.0655eo 


+ 0, 


.1085770 


+ 0, 


.6545e' 


- 1, 


.087577' 


= 


+3. 


.2 


1 


-0.254fe + 


2, 


.5Sn 


- 0.536^eo 


-0, 


.1095770 


+ 5, 


.1905e' 


+ 1, 


.055577' 


= 


-2. 


.4 


1 


-0.134fe + 


1, 


.35n 


- 0.4145eo 


-0, 


.0855770 


+ 4, 


.0025e' 


+ 0, 


.822577' 


= 


-1. 


.0 


3 


0.336fc - 


3, 


.2Sn 


- 0.178(5eo 


- 0, 


.1255770 


+ 1, 


.7075e' 


+ 1. 


.199577' 




-5, 


,5 


2 


0.327fc - 


3, 


.ISn 


+ 0.294(5eo 


- 0, 


.1055770 


- 2, 


.8065e' 


+ 1. 


.002577' 




-5, 


,3 


2 


0.288fc - 


2, 


.76n 


+ 0.358(5eo 


- 0, 


.0845770 


-3, 


.4105e' 


+ 0, 


.8OO577' 




-5. 


.6 


3 


0.020fe - 


0, 


.26n 


+ 0.386^eo 


-0, 


.0415770 


-3 


.6515e' 


+ 0, 


.388577' 


= 


-2. 


.1 


2 


-0.036fe + 


0, 


.36n 


+ 0.425^eo 


-0, 


.0235770 


-3 


.9665e' 


+ 0, 


.215577' 


= 


+5. 


.1 


1 


0.152fc- 


1, 


A6n 


+ 0.3505eo 


-0, 


.0535770 


-3, 


.2615e' 


+ 0, 


.494577' 


= 


+1, 


.7 


1 


0.225fc - 


2, 


.ISn 


+ 0.358(5eo 


+ 0, 


.0765770 


- 3, 


.3025e' 


-0, 


.701577' 


= 


-1, 


,5 


2 


0.211fe- 


2, 


.OSn 


+ 0.267(5eo 


+ 0, 


.0875770 


- 2, 


.4605e' 


-0, 


.746577' 


— 


-1, 


,7 


1 


O.lVdde- 


1, 


.Odn 


+ O.176(5eo 


+ 0, 


.0695770 


- 1, 


.6165e' 


-0, 


.634577' 


= 


-5. 


.3 


1 


0.152fc - 


1, 


ASn 


- 0.0315eo 


+ 0, 


.0935770 


+ 0, 


.2845e' 


-0, 


.853577' 




+0. 


.6 


1 


-0.321fe + 


2, 


.86n 


- 0.7785eo 


+ 0, 


.0145770 


+ 6, 


.8525e' 


-0, 


.123577' 




-2. 


.9 


1 


0.139fe- 


1, 


.2Sn 


- 0.407(5eo 


-0, 


.0305770 


+ 3, 


.5295e' 


+ 0, 


.260577' 




+0, 


.0 


4 


0.258fe - 


2, 


.2Sn 


- 0.416(5eo 


-0, 


.0625770 


+ 3, 


.5945e' 


+ 0, 


.536577' 




-1. 


.8 


1 


0.294fe - 


2, 


.5Sn 


- 0.393(5eo 


-0, 


.0775770 


+ 3, 


.3905e' 


+ 0, 


.664577' 




-5, 


,1 


2 


0.163fe- 


1, 


ASn 


+ 0.297fco 


-0, 


.0655770 


- 2, 


.5365e' 


+ 0, 


.555577' 




-1. 


.5 


1 


0.004fc + 


0, 


.OSn 


+ 0.2905eo 


-0, 


.0725770 


-2, 


.4685e' 


+ 0, 


.6I3577' 




+2. 


.2 


1 


0.120fc - 


1, 


.OSn 


+ 0.2825eo 


-0, 


.0625770 


-2, 


.3595e' 


+ 0, 


.518577' 




+0. 


.6 


2 


0.336fc - 


2, 


.85n 


+ 0A70Seo 


-0, 


.0485770 


-3, 


.8905e' 


+ 0, 


.397577' 




+2, 


,8 


1 


-0.019fe + 


0, 


.ISn 


+ 0.2195eo 


+ 0, 


.0695770 


- 1, 


.7695e' 


-0, 


.557577' 




-4. 


.5 


1 



o.mfe- 


1, 


.Idn 


+ 0.280(5eo 


+ 0.069(57ro 


- 2, 


.4655e' 


-0, 


.55 657r' 


— 


■ 1 


.1 


1 


0.200fc - 


1, 


.6Sn 


- 0.470^eo 


- 0.0235770 


+ 3, 


.7065e' 


+ 0, 


.18157r' 


= 


-1 


.1 


2 


0.014fc - 


0, 


.15n 


- 0.407^eo 


- 0.0045770 


+ 3, 


.2055e' 


+ 0, 


.031 57r' 




-1 


.6 


1 


0.121fc - 


0, 


.95n 


- 0.4275eo 


+ 0.00257ro 


+ 3, 


.2995e' 


-0, 


.01 557r' 




+4, 


.4 


4 


0.202fc - 


1, 


.6Sn 


- 0.464(5eo 


- 0.015(57ro 


+ 3, 


.5735e' 


+ 0, 


.15557r' 




+1. 


.8 


4 


0.236fc - 


1, 


.86n 


- 0.474(5eo 


- omosno 


+ 3, 


.6455e' 


+ 0. 


.23157r' 




-0, 


,1 


2 


O.Sllfc- 


2, 


Adn 


- 0.4395eo 


- 0.077^770 


+ 3, 


.3655e' 


+ 0, 


.59 057r' 




+0. 


.3 


1 


0.328fe - 


2, 


.5Sn 


+ 0.0385eo 


- 0.11957ro 


-0, 


.2905e' 


+ 0, 


.90757r' 




-2 


.5 


3 


0.117fc - 


0, 


.95n 


+ 0.173(5eo 


- 0.0795770 


- 1, 


.3115e' 


+ 0, 


.59 957r' 




-5, 


.9 


1 


0.057& - 


0, 


A6n 


+ 0.1515eo 


- 0.0815770 


- 1, 


.1435e' 


+ 0, 


.6 1 357r' 




-4, 


.3 


2 


-0.046& + 0, 


.3Sn 


+ 0.134^60 


- 0.09 957ro 


- 1, 


.0125e' 


+ 0, 


.748577' 




-3 


.3 


2 


0.280fc - 


2, 


.ISn 


+ 0.288(5eo 


- 0.09 357ro 


- 2, 


.1275e' 


+ 0, 


.68 757r' 




-2, 


.9 


3 


0.309fe - 


2, 


.3Sn 


+ 0.4085eo 


- 0.08457ro 


-3, 


.0085e' 


+ 0, 


.6 1 957r' 




-4, 


.0 


4, 



where the last column represents the weight for each equation of condition. 

The system of the 187 equations of condition is solved by the least squares 
method. 

The general solution is: 



5e = 


-2".65± r'.35, 


6n = 


-0".14±0".05, 


5eo = 


-2" .07 ±0" .66, 


57ro = 


18" .88 ±3" .93, 


5e' = 


-0" .044 ±0". 022 


57r' = 


0".428±0".126. 



In the general solution we find the values 5eo = —2". 07 and 57ro = 18". 88. 

These values are of the same order as the ones corresponding to the Leverrier's 
relation for 5e and 57r based on transits, namely 57r + 2.72 5e = 10" .3 [5]. 

Also, in the general case we obtain 5e' = — 0".044. If we replace this value 
in the relation corresponding to the transits (1), namely 57r' + 2.72 5e' = 0" .383, 
we get an advance of 57r' = 50" /century. 

Furthermore, in the general solution (2) we obtain for the Mercury's perihe- 
lion advance 57r' = 42" .8 / century . 

On the other hand, if we take 5e' = 0, like Leverrier, who considered 5e' 
negligible in the relation (1), then solution becomes: 

5s = -2" .90 ±1" .35, 
Sn = -0".16±0".05, 
5eo = -0".95±0".34, 
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Se' 
5n' 



0".428±0".127. 







18".72±3".94, 



(3) 



We observe in the case 6e' = that the periheUon advance is also Sn' = 
AT .^/century. 

3 Concluding remarks 

The value of 5e' = —0" .044: /year, obtained in the present paper in the general 
case (2), is in good agreement with the Leverrier's suggestion regarding 6e' , 
namely that is negligible. More over, this value of Se' = — 0".044 is lower in 
absolute value than Leverrier's estimation of 6e' = — 0".0806. 

The result obtained by us for Mercury's perihelion advance Stt' = 42" .8/ cen- 
tury, by processing the meridian observations used by Lcvcrricr, is very close 
both to the values obtained by Newcomb and Clemence and to the value cal- 
culated within the theory of general relativity 6n' = 4:2^\98 / century [7]. This 
value obtained in a relativistic frame is also confirmed by radar data processing, 
where the value Sir' = 42" .94/ century is obtained [1],[8]. 
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